A high-capacity and long-life aqueous rechargeable zinc battery using a metal oxide intercalation cathode 
are present, the deposition process is much simpler (Zn 2+ + 2e -→ Zn) and no dendritic deposits are observed. As can be seen in Supplementary Fig. 1a and 1b, after 25 cycles, both electrode surfaces look quite similar. Massive hexagonal plates are formed after cycling which are stacked randomly.
Deposition occurs preferentially at the plate edges as can be seen by the roughened edges in (a)
relative to the smooth surfaces in (b). This symmetrical cell was operated with no pressure or separator, so it can be expected that the growth of the plates will be influenced by those factors. In our work, using glass fiber separators, we did not observed any short-circuits by dendrite formation, even at very high rates. We note that ceramic separators have the mechanical stability to resist puncture by these zinc plates and it is expected that typical microporous membranes used in commercial Li-ion battery technologies will also function similarly. Atomic positions and occupancies were not refined due to the high degree of preferred orientation present in the diffraction data.
SUPPLEMENTARY INFORMATION

ICP-OES analysis of cycled electrolyte
Quantification of oxide dissolution over long term electrochemical cycling was investigated by Inductively Coupled Plasma -Optical Emission Spectroscopy (ICP-OES) analysis. For this study, a pouch cell was fabricated ( Supplementary Fig. 13 ) and electrochemically cycled at a 1C rate for over 100 cycles. The electrolyte was extracted by washing the electrodes and separator with water to result in a 25 ml solution, which was subjected to ICP-OES analysis. A vanadium concentration of 0.577 mg/L was detected, which is equivalent to 0.01 (4) mg of vanadium in the 25 ml of the pouch cell extract. This only represents 0.01% of the positive electrode material, and therefore active material dissolution does not significantly contribute to capacity fade. Volumetric energy density of the Zn║Zn0.25V2O5.nH2O cell: The Zn0.25V2O5.nH2O positive electrode has a specific capacity of 300 mAh/g and a density of 3.13 g/cm 3 . The zinc metal has a specific capacity of 820 mAh/g and its density is 7.14 g/cm 3 . 
Galvanostatic Intermittent Titration Study
The Galvanostatic Intermittent Titration Technique (GITT) was applied to determine the thermodynamic voltage-composition relationship, which corresponds to the equilibrium phase diagram of the system. The Zn 2+ ion diffusion coefficients (DZn 2+ ) in Zn0.25V2O5.nH2O were calculated from the GITT data. In the GITT method the transient voltage generated due to the application of a current pulse is monitored as a function of time. In our study, a galvanostatic pulse (charge or discharge) of 20 min at a 50 mA g -1 rate -followed by a 3 h open circuit step to allow relaxation back to equilibrium (defined as < 2 mV/h) -was repeatedly applied until the discharge (charge) voltage reached 0.5 V (1.4 V) vs. Zn. Supplementary Fig. 9a shows the potential vs. 
Here, τ is the constant current pulse duration (20 min); nM and VM are the moles of Zn0.25V2O5.nH2O
and molar volume (69 cm 3 mol -1 ), respectively; S is the electrode-electrolyte interface area (taken as the geometric area of the electrode); ΔES, and ΔEt are the change in the steady state voltage and overall cell voltage after the application of a current pulse in a single step GITT experiment, respectively. We assume the true surface area is higher than the geometric electrode area owing to the material's morphology (which would lower the "true" diffusion coefficient by an order of magnitude), but the geometric electrode area is typically used in such reported calculations and thus favours comparison with other materials. The BET surface area could not accurately assessed owing to the crystalline water in Zn0.25V2O5.nH2O that renders outgassing impossible.
X-ray photoelectron spectroscopy (XPS) analysis
XPS analysis was performed on a Thermo ESCALAB 250 instrument configured with a monochromatic Al Kα (1486.6 eV). Spectra were analyzed using CasaXPS software. For the background, a Shirley (vanadium and oxygen) or a Tougaard type function was used. A combination of Gaussian (Y%)-Lorentzian (X%) peak shape functions, defined as GL(X) in
CasaXPS was used to fit each component. The suitable mixture of Gaussian-Lorentzian components depends on the natural line-width of the specific core hole and also on the instrument and resolution settings used. In our analysis, for Zn 2p and O 1s spectra, GL(30) was used, whereas for the V 2p region, the best fit was obtained with GL(90), in accordance with the literature. 5 The
binding energy values were all calibrated using the adventitious C 1s peak at 284.8 eV. For the fitting of the 2p (V and Zn) component pairs, a peak area ratio of 2:1 for 2p3/2: 2p1/2 was used with 2p1/2 having the higher value of FWHM (full width at half maximum). 
Supplementary Methods
Operando mass spectrometry analysis
Operando H2 and O2 evolution analysis was performed with a modified design based on an online electrochemical mass spectrometry apparatus reported by Tsiouvaras et. al (J. Electrochem. Soc. Supplementary Fig. 5 , the cell was discharged/charged at 1C rate (300 mA g -1 ) between 0.5 and 1.4 V and the gas evolution was monitored operando by mass spectrometry.
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